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 ( =1) 0.39 0.72 1 1.52 5.20 9.53 19.2 

 ( ) 0.24 0.62 1 1.88 11.9 29.5 84.0 

 ( ) 59 243 1 1.0 0.41 0.44 0.72 

 ( =1) 0.38 0.95 1 0.53 11.2 9.4 4.0 

 ( =1) 0.06 0.82 1 0.11 319 95 15 

 ( =1) 5.4 5.2 5.5 3.9 1.3 0.7 1.3 

 ( =1) 6.7 1.9 1 0.43 0.037 0.011 0.003 

 ( ) 0.06 0.78 0.30 0.16 0.73 0.77 0.82 

 (K) 440 224 255 216 88 63 41 
CO2,N2 N2,O2 CO2,N2 H2,He H2,He H2,He 

 (2005) 
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  CO2 (%)  96   0.04   95 
  N2   3.4   78   2.7 
  Ar              0.01   0.9   1.6 
  O2   0.0   21   0.1 
  H2O   0.0            0.1–1   0.03 

 (atm)  90   1   0.006 

 (K)  735   287   222 

   Lovelock (1972) 
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Allègre and Schneider (1994) 
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CO2 ( ) 

	

Kaufman (1997),  (2000) 
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“ ” 

Lovelock (1988) 

           “ ”         

  CO2 (%)  96   95     95 
  N2   3.4   1.9   78   2.7 
  Ar   0.01   0.1   0.9   1.6 
  O2   0.0   0.0     0.1 

 (atm)  90   60     0.006 

 (K)  735          ≈ 550     222 
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Gaia 

James Lovelock 
(1919–2022) 
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5800 K 
250~300 K 

   3 K 

  (K = °C +273) “ ”     

“ ” (–270 °C) 
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⬅︎

• ∝ ( )4 

( , ,  ...) 

Stefan–Boltzmann  ( 4 )

 F  ≈ σ T 4                           σ = 5.67 × 10–8 

(W/m2) Stefan–Boltzmann(K) 

• ∝ 1/( ) 

λm ≈  2.9/T                           [Wien ] 
(mm) (K) 
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Planck Max Planck (1901) 

T  ( )  (1 m2) 
+ λ : Fλ    

                 2π�h c2    
  Fλ = –––––––––––– 
           λ5 (ehc/λkT – 1) 

c : h, k : �

1           2          3          4          5          6
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 : F  (W/m2) 
                          2 π5 k4    
  F = ∫ Fλ dλ�= ––––––– • T 4 
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                    2.9 
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1. + : 

5800 ~ 5900 K 

Gueymard (2004) 
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2. : 

Fλ 
Fλ 

255 (K) 

Kiehl and Trenberth (1997)  255 K 
λ  
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�

• =

   : R 
(

) r : �

R π r 2 (1–α) = 4 π r 2 σ Te
4 

   

α :  ( ) 
Te :  ( ) 

Stefan–Boltzmann
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Te 

Te = [(1–α)R/4σ]1/4 

       ≈ 255 K    (–18 °C) 

α 	 ≈ 0.30

R  ≈ 1360 W/m2 

σ Stefan–Boltzmann  (5.67 × 10–8 W m–2 K–4) 
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1-3. 

 ≈ 255 K
( ) 

1. 2. (1 )  

(H2O, CO2) ︎

>> 

( –18 °C) 

“ ” 

[  = 0]

238 (W/m2) 
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  255 K 
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Ohmura and  
Gilgen  
(1993, 2007) 

(W/m2) 

• + 70%

(287 K) 

(255 K) 

(3 K) 

(30%) 

(70%) 



Hisashi Ozawa, Hiroshima Univ.

102 

149 

89 

340 = R/4 

238 

385 341 

238 

 105↑ 44↑ 
(71%)               (29%) 

Ohmura and  
Gilgen  
(1993, 2007) 

(W/m2) 

• + 70%

(287 K) 

(255 K) 

(3 K) 

(30%) 

(70%) CO2   H2O  

+30 K



Hisashi Ozawa, Hiroshima Univ.

 ( ) 
Businger (1963) 
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ERBE 1985 by K. Masuda 
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→ Part 2-4, 3-4. 

sin( )  

 
 

°C 

North et al. (1981)

F = 0 

 [ ]
F = 6 PW�

F = 12 PW�
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